The addition of Ca2+, adenosine 5'- [y-thio] 
INTRODUCTION
In response to nicotine, ATP, or K+ depolarization, rat pheochromocytoma PC12 cells secrete catecholamines in a Cal+-dependent manner [1] [2] [3] [4] [5] . Treatment of PC12 cells with a low concentration of digitonin permeabilizes the plasma membrane, but leaves the secretory vesicles intact [6, 7] . Release of catecholamines by these permeabilized cells is Ca2+-dependent [6] [7] [8] [9] and appears to result from exocytosis [7] .
The addition of adenosine 5'-[y-thio]triphosphate (ATP [S] ) to digitonin-permeabilized PC12 cells stimulates Ca2+-independent noradrenaline (NA) secretion [9] . ATP [9] . These results suggest that thiophosphorylation can induce secretion in permeabilized PC12 cells. Since Ca2+ appeared to increase the rate of modification by ATP[S], we proposed that secretion in permeabilized PC12 cells might be regulated by a Ca2+-stimulated protein phosphorylation [9] . The secretion evoked by ATP [S] in the absence of Ca2+ was thought to be due to the basal activity of this kinase. Experiments with protein phosphatase inhibitors and isolated protein phosphatases are consistent with protein phosphorylation playing an important role in regulating NA secretion [10] . Guanosine Fabiato and Fabiato [17] . All experiments were repeated on at least three separate occasions with similar results.
Rat liver NDP kinase was purified as described by Kimura and Shimada [18] . Antibody against rat liver NDP kinase was raised in rabbits and affinity-purified [18] . To [MgGTPI (mM) GDP. The addition of 100,uM GDP had no effect on Ca2+_ stimulated NA secretion, and it had no effect on, or caused a slight inhibition of, GTP[S]-stimulated release. Addition of 100 ,sM ADP had no effect on ATP[S]-stimulated NA release.
As expected from the results shown in Table 3 , the addition of higher concentrations of GDP or ADP inhibited ATP[S]-stimulated release. Inhibition by higher GDP concentrations could result from its competing both with ATP[S] for the dephosphorylated NDP kinase [19] and with GTP[S] for the GTPbinding protein.
Preferential loss of ATP[S]-stimulated secretion and NDP kinase
Permeabilized PC12 cells were incubated for 30 min in KGbuffer or in a sucrose buffer (320 mM sucrose, 5 mM EGTA and 20 mM Pipes, pH 6.6). These preincubation buffers were removed, and NA secretions were measured in KG-buffer (Table  4 ). This preincubation in sucrose buffer resulted in the preferential loss of ATP[S]-stimulated secretion. ATP[S]-stimulated release from cells preincubated in sucrose buffer was about 30 % of that from cells preincubated in KG-buffer. Ca2+-stimulated and GTP[S]-stimulated releases from cells preincubated in sucrose buffer were 80-95% of those from cells preincubated in KGbuffer (Table 4 ).
An immunoblot with affinity-purified anti-NDP kinase antibody showed that cells that had been incubated for 30 min in sucrose buffer contained less NDP kinase than did cells incubated in KG-buffer (Figure 3 ). Anti-(NDP kinase) antibodies were detected by a chemiluminescent assay, and the relative amounts of NDP kinase determined by densitometry (Figure 3 Although ATP increases Ca2+-stimulated release in digitoninpermeabilized PC12 cells, it also increases both GTP[S]-stimulated secretion [11] and secretion from cells preincubated with ATP[S] [9] . This suggests that ATP is used at a step in the secretory response other than or in addition to that regulated by Ca2+. Results with semi-intact PC12 cells suggest that ATP is used at a step preceding that at which Ca2+ acts to trigger secretion [20] . The Most protein kinases are specific for ATP, but some will also use GTP [21] . In contrast, the kinase which uses ATP[S] to induce secretion in permeabilized PC12 cells appears to have a very low nucleotide specificity (Table 3 ). This low specificity is similar to that of NDP kinase [19] . The order of inhibition of ATP[S]-stimulated secretion by nucleoside diphosphates was GDP > ADP > UDP > CDP, which parallels their apparent relative affinities for rat liver NDP kinase [18] . The inhibition of ATP[S]-stimulated release by the various nucleoside diphosphates could result either from their competing with GDP for thiophosphorylated NDP kinase or from their inhibiting ATP [S] binding to dephosphorylated NDP kinase [19] . UDP has been used in several other systems to inhibit either the phosphorylation or thiophosphorylation of endogenous GDP by NDP kinase [15, [22] [23] [24] . GDP and dGDP could also inhibit ATP[S]-stimulated release by competing with any GTP[S] produced for binding to the GTP-binding protein.
Inhibition of ATP[S]-stimulated release by these different nucleotides does not appear to result from some general inhibition of secretory activity, as they do not inhibit Ca2+-stimulated release either in the absence of added ATP or in the presence of 1 mM ATP. Also, except for those containing guanosine as their base, they had little or no effect on GTP[S]-stimulated release.
We originally believed that the effect of ATP[S] on NA secretion did not result from the formation of GTP[S]. This conclusion was based primarily on the observation that 1 mM GTP caused a 50 % decrease in NA secretion evoked by 1 mM GTP[S], but no inhibition of NA secretion evoked by 1 mM ATP[S] [9] . These experiments were performed on cells that had been preincubated for 30 min in the absence of added nucleotides. When the comparison was made immediately after permeabilization, GTP was found to inhibit both GTP[S]-stimulated and ATP[S]-stimulated NA secretion (Figure 2 [25] [26] [27] [28] , and it has been suggested either that NDP kinase can phosphorylate GDP while it remains bound to a GTP-binding protein or that the GTP produced by NDP kinase is somehow channelled to the GTP-binding protein [18, [25] [26] [27] 29] . Either of these types of interactions could explain why exogenously added GTP is not as effective an inhibitor of GTP [S] produced by the action of NDP kinase as it is of exogenously added GTP [S] .
Activation ofK+-channel currents in atrial myocytes by ATP[S] [14] 
